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Abstract
Based o nthe pr ope吋 ofv egetation renectan ce spe ctraill the rarLgefr o m n e ar- dtraviolet to ne ar-iltfrared
a ndthe se nsitlvity of oltgOing radian ce to the re皿e cta n ce a nd aeros ol p也cal depth a s o-called itera血 n -
c o r r elatlO11in v ersio n algorithm is proposedlo sim ul【alleO u Sly deri1
,
etlle reBecta nc e a nd aeros oloptic al depth.
Acc ordingto n u m eric alin v ersio n sill ulatio ns. effects ofthe ln eaSu re m e nterrorin radia n ce. tile errorin aeros ol
im agln ar)
, inde･T( and the ､'egelatio n u11u nifo nT1 01- illVerSio n res ults are a n aly zed. As sho w ni血inve rsio n
sim ulation s. a stile error in the im aglnar)'il一de ゝis Tl′ithin 0.01. sta ndard deviatio ns of soltltio ns of the
refle ctallCe a ndthe opdcaldepth forlヰ w aヽ
･ele ngthchanllels arelessthan0 .()63 and 0,0 2 3. and under2% error
ofradia n ce. thev ar el sstha nO,0 23 and0.O O56. r e spectiヽ
･
elさ
,
. ShoIV lnga S atisfa ctory ac cur a cy.
I J N T R O DtJ C TION
Atr[1 0 Spheric a eros ol optlC al depth a nd v egetatioll reile cta n ce spe ctraproperties areimportant to r es earch
en viro n m ent a nd clim ate cha nge. spa ce-Lo -e'1 rth rc m ole sellSlng a nd so oll. Vegetatio n re且ecta n ce spectra
properties c anindic ate v egetatiollgrO W l ngStatus allds easoll Cla ngeS a nd affe ctstlle earthradiatio nblldget. it
is also orLe Of thethe oretic al ba ses ofspace-to- e arthr elllOte Se nSlng applic ation . a nd ithasbe en widelv usedin
re m ote se nsing info m tatio n spotting. ellVir on m e nt pollltio n m ollitorillg. pla nt dise ases a ndirlSeCt pests
m onitoring. c r opyield estirn atinB a ndgeologlCal min eralsloc atlng
い･三】
･ Atm ospheric aeros oloptical depth is an
important para m eter chara cterizlng atm ospheric turbidity and a c ru cial factordetermini ng aer osolradian ce
-
clinlate effect. Spa cebo m ere m ote se n sing is the s ole m eans to determitle aerosol optical depth aTld e arth
surfac e refkcta n ceinthe globalsc ale. Inthe re cent2()ye ars. re sear cllin spac eborn e re m ote sen slng Ofaeros l
optic aldepthande arths urfac e refl ctallCellaS m adein一pOrtalltpr ogress. No wthere arctwo main m ethods for
spacebo m e reIT10te S en Slng Ofa erosolopticai depth. Oneis oc cultatio n m ethod in wllichstrato spheric optic al
depth isdetermin ed bv m e8 Surlngtl-esolardire ctradiatioll atSu nris e a ndstln Setwi thradio m eter･ T he otheris
to retriev e atm osplleric colu m n a er osol optlCal depth from c,tltgOlng radia n ceinfo rm at10n m eas ured in space･
血ich is llui11y applied under the situatiol10r OCea (1 ulldcr)
･
111g SLlrface
L4･5l
･ In the c ase of la nd s urfa ce･ its
re皿ecta n ceis v ery complicated. a nd ilis ge n eral1)
- biggerthallth,l l ofoce all a nds oit ha s str o nger effect o n
tlpWard sky radiance, Therefore. spaceborn e re m ote s ensi ng OrC O nti11e nt年er OS Ol optlCal deptll rerLl ain s a
qtleSt10 n u nr eS OIved. Based ollthe v egetatio n reLlecta n cepropertiesfro m lle ar ultra -violetto n earinfrared and
the e出raterrestrial radlanC e S e n sitivity tO V egetatio n refl cta n ce a nd atm ospheric aer osol opllCal depth, a
m ethodfわrspaceborn e r elT10te S etlSlngOfthe r
L
enecla nc e andthe optic al depthisproposedirLthispaper･ a ndthe
correspondinglteratiolトCOrrelationinl
,e rSiol一<11gorithm isde†
.
eloped･
2. A N A L YSI畠o F S E N SITIV ITY
(1)C ha r乱Cte ristics ofv egetaLtio n ref)ectaI) C e
Whether su rfac e ren cta n ce alld aeros ol ptical depth ca nbe sim ulta ne o usly retrie ved fro m upw ard
radiall Ceinfo m atio nis c ru cially depe ndent on surfacereflec[a ncelSpe ctra CharacteristicsL T he bigger the
surfa ce r efl ctarlCeis. the m or eitaffectsthe radlallCe. a ndthe nl Ore uI血 v orableitisto extract the optlCaldepth
outof the radian c e, but tlle m orefa v orableitistoretriel
,e S u rfac e refl ctallCe.
Fig.I shows a verage v alu e, sta nda rd erro r. 1Tla.T(im u m a md miIdm u m of fif5
1
s o rts Ofthe v egetatlOn
reflectan ce spectra 丘
･
om ヰ1 0n mto lOO〔-llnlil-Tolg
.
Sbo ok[
3]
･ In the5Osorts ofvegetatio n, 1 8s orts are ric e or
wheat. 2 6arediffere nt tre es. a ldthe restisgrasland orr e ed. Fig･2sho､∇s12s orts ofthe vegetatiorLreneCta n Ce
spectrain the ra nge of4 1O
-100 0n m ･ T le 1 2sorts orv egeLatiol a re riceJVlleaL c otto n･ r ape･ s w e et potato･
astragalus sinic us. Chinese pills. Spru ce. cy pre s s･ c eda = vhitepoplar amdgrassla ndl r e Spe Ctiv elv･
AccordlngtO Figs.1-2. som e chara cteristics ofヽ
,
egetatiol- r efleclarICe C al一be se en asfollo vヽ s:
(a)IntileW a Vel ngtll ra nge Of41O150 OIlnl. reLlectal一C Cis relaLi､･
'ely s m aller･ being2-6 5 tim es s m allertha n･
n e a rinfrared refle cta n ce.So m e ofthe mis ev en s m allertl1811Se a lV ater reneCtalCe. T he a v erage of fLRys orts of
- 31 -
vegetatlO n refl ctan Ceislesstha nO･05, their sta ndarddeviatio nislessthan 0･02･ a lldthe reflectance change
co mparativ elylittlefr o mO･008to O･101･
o) T here are m a xim um s ofthe r enecta n ceill550+560nTn. Which cha nge within O･05J)･3, a nd minim tlm S Of
the reflectan ce ca nbefol mdaroIJnd 680n m.
(c)Fr o m6 8 0 to 740n m. tlle re瓜e ctan c ein creases obvio usly whe nthe w av ele ngth incre as es, a nd whe nit is
biggerthm 740n m in n e ari 血ar ed･ the r enectan ceチs 甘Sual ly v eryhigh･ T he a v er age of fl申 sorts of
reAectan ceislargertha nO･38, the standard deviation lSlargertha nO･2, andthe refle ctan ce changesin the
r ange of 0.19-0.84. T hefeattlreS abo v e areiden6calwiththe research c o n cln sio n sby Ko ntratyev(1969)L T he
m ethod ofsynthetic re m ote se n singfor s urfacereflectallCe and aer osol ptlCal depthproposed in this paperis
lustbased onthesefeatures ofv egetatio n reflectan c e･
葛
I
i
B
A
_4
芦
層
0.8
0.7
0.6
0.5
ロ.4
0,2
0.1
･･- - Ay erag8refleda n o8
､
- -_._i I
Wa v eie ngth(n m)
Fig,1 Av erage v ahleS. r n a Xim u m s. mini皿 1nlS a ndsta n-
darddeviatlOnS Of 50 sorts ofv egd atio n r enectan c e
OJ
D B
0.5
0,4
0 3
02
0,1
･--- Ric e
I l _ VVhe 白t
=yICotorl
-- Rape
- . , - Sw eetpotato
･--- Astr B9alL B $lrn･u s
-.-Pln e
--- Spr u c e
一一 Cyprl: 5 S
- ･ ' - Ced8†
-･ PoPa r
-L＋ G†a s sliL nd
_ _ご 二ニ
ー -
■
勺･■.LJ'
400 5 00 600 7OD 800 90 D I OO O
W 8 V ele ngth(n m)
Fig.2 Tw elv e s orts ofv egetatio n re丑e cta n c e spe ctr a
(2)Se n siEilJL
'
0,of･吻, r adT
'
a17Ce To sLLl:fa ce rqPe cla 71 CeEn dL7erO S O/op(]
'
c a] depth
h th1Spaper, G廿aSS- eideliteratio nalgolithm prese nted is adopted to solv er?diatio ntr ansfer eqllatio n,
I(1,”,q,)sta ndsfor radian ce･ T& is aeros ol optical deptll･ LLis c osine of zenith angle,q,is azimt1thangle, Po IS
cositle Ofsolar ze nitha ngle.
As disctussed abov e, the v egetation re丑ectan cein the w a v ele ngth lesstha n680n m andLne arinfrared has
differentpr operties, s o s e n sitivi呼 ofupw ardradiance al the representativew av elezlgths of 500n皿 a nd 800zl mtO
stl血 ce renectaIIC e ad aer osoloptical depth is e mpl一aticai
lly aJlayzed inFig.3 andFig.4L
Fig.3illlStrateS Chazlge OftlpWardradla n Ce a( 5 UOnrrl al一d 800n nl lVith renectan c e. Inthefigu re, r adia n ceis
unity when s d ace reflectan c eis zero. m e arLing the r adia n ceis r elativ e. Here aer osol iz edlStributio nis
Deir m e ndjia n(196 9)co n血 ental m odelL
6]
. and aerosolreftactiv eiTlde iゝs 1.510.0 1i. Itca nbe se enfro mFig.3
tha:I:
(a)The r adia n cein creas es whe nthe r e丑ecta n c eincre ases.
O)T he radia n ceis v ery sen sitiv eto the cha nge oftlle reneCta n Ce. e SpeCiauy Et the 800n m w av elellgth.
underthe c ondito nthatilo
- l.0. ”
- 1,0 . 0- 0
0
a rld てa
- O ｡2. wlle n V egtatio n ,eflecla nC e Changesbetw ee n0 and
0.8, the radiatio n a1 50 0n m a nd 80 0n m incre ases respe ctiv elヽ
' 12 a nd 3 6tim es. Addltion ally, becallSethe
vegeta血 n renecta n cein the w a v elength lesstha n5 On mis ordin arilylesstha n0.1. whilethe n eariI血 ar ed
rene cta nce c an cha ngein awi de ra nge of0.1ito 0.8 5▲ So. the radian cechan nel irLthe w av elength lesstharL
50011m is ratherles sensitiveto v egetation reflectanc etllall n 飽rinfrared cha n n el. a nd itis 免Ⅳor ableto retrieTVe
aerosoloptical depth.
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Fig14 shob's change ofthe upw ard radiatio n at 500n m a nd 800n m with a erosol optic al depth･ Herethe
radia n ceis set asI when the optical depth is zero, the r eflecta n cefortw o w a vele ngths of 500rl m a nd 800n m
areav erage v alues of 丘允y sorts ofv egetatio n re且e ctan ce as sho w nin Fig.2. beingrespectiv ely0.051aJLd0.405･
Aeros olsizedistribtltio nis c o ntln entalDie m erLdjia ndistributio n. a nd a erosol co mple x re丘activ einde xis l･51
o.oli. 1tc anbesee nfrom Fig.4:
(a)The50 011 m r adla n Ceis m ore s ensitiv etothe aerosol opticaldepththa nthe80 0n m radi an ce.
O) Skyr adia n ceis m or e s en sitivetotile SurfTac e reflcta n cethazlthe aero s oloptical depth.
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Bec aus et he upw ardradiarlC eis m ore se nsitiv eto su 血 ce renectan cethanthe aerosoloptical dq)th, ho wto
getthedepth isthekey ofsyntlletlC re m ote Se nSillgr Inb riefL inthe cha n n els n earthe w a vele ngtll Of 68()n m and
lessthan 5 007L m. V egetatio n reflecta nc eis s m all. and for so m e clla n n el it m ay ev enbe lesstha n se a w ater
refle cta nc e.T his. thes e radia n ce chan n els hav erelativ ely w eaker se nsitiv吋to v egetatio n refle cta nc e･ Gezleral1y,
itis m ore s en sitiv eto aeros ol optic depthtlla nllearillfrared radian ce･ Furthe rm ore･ the cha nge Ofv egetation
re凸e ctan cein the w a velength1essthan68 0n m(especiallylesstl旭 n 5O On m)is s mall･ He n ce､ these chan n els are
applic ableto retriev e atm ospheric aeros ol optlCal depth by spacebo m e re m ote sen sing･ T herefore- itis fe asible
to get the a eros ol optlC al depth 丘o m upヽヽ
,
a rd radiance in the spectralchaltn els ofn ear680n m a ndlessthan
5 0 0n m. On ce aer osoloptlC al deptlliskn o w n. itcanbe usedto血pr ov e vegetationreflectance retmiTVal･
Ill. R E TR IE V A L A L G OR I T H M
Ac cordl ngtOthe abov e s en sitiviq arLalyses. in the c ase ofv egetat10 n CO Ver･ there aretw oklTlds ofchan n el
selectiorlS StLitable forthe inversio n of aeros ol ptlC al depth･ oneisto choosetw o or more chan n elsin the
w avele ngthr ange of4 0 0n m to 500n m. a nd an otheris to select sev er al chant,els in the ra nge of 40 0n m to
500nm phlSthe680n m chan n el･ The ady antage oftllefLrStChoic eistllatthe Cha nge ofv egetat
io nreflectan ce of
the cha nrLelsbetw e en 4 0 n m a nd 5 0 On mis s m all. Btltb)
I
the consideratio n ofsensitlVity. the sec o nd cllOiceis
better. In the follo wing num erical e xperim ents･ T V e u s ed the sec o nd choice and sele cted thre e cha n nels of
4 5 0n m
.
50 0n m and 6 80n n, n u rked asA･al､ 九a2 a nd La3･ Beca ロ5e upw ardradia n ceis m ore se nsitlV etO Su血ce
refle cta n cethan aero sol optical depth itis very important to find a n appropriaLte m ethod to determi
Tle
re丑ecta n ce of thetlre e W av elengths. ln this paper. a niteratlO n く氾rrelatiorl retrie w al algorithm is proposed. In
the algorit血 L Optim um re且 cta n ce solutio nofthethree w av ele ngthsis obtain ed by p
rcc ess of iteratio n and
arlalysis the relado nshipbetw eenthe reflectance s olutio n and allthe specim eIISin the re
flectanc elibrary. The
inv ersion steps go eslike th is:
(1)Accordingto kn o wninfor m atio n ofsu血 ce renecta n cem easur ed,builda refle cta71Celibrary coveringalot
ofv egetatio nkinds. in whichthe reflectanc es amples are m arked as AO, 九Ⅰ),j
=1, ･ ' 1 /- I , N,i=1,
' ' .
･
. ' .
I
M ･ rlere
N isthetotalnt nber ofs amples. 九iis w av ele ngth M r eprese nts thetotalntl mber ofspectralchan n els･
(2)Ass umeJunge ae,os olsizedlStributio ninillVe.Sio ngiv enby=”(r)- cr
-'l･
●
･t'
underthe assu mptioll 0fJu llgedistrlbution. a e r os oloptic al depth ca nbe written as:
T
a(A)- Td(1o - 500;7 m)(Ao/A)
二-l一 (7)
*
(3)Supposethat voistheinitialv alu e of､, . て()istheinitiEllvalu e ofてa(Lo
=500n m)･ and the r efractiv eindex
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ofaero sol is kno w nl then c o mpute a eros ol cattering phase血 1Ctio n s and optlCaldepthsfor M cha 皿els.
(4)Usethe comptlted aeros olsc attering phasefun ctio ns a nd optical-depthsto search refle cta皿Ce SOltltio n sfor
M chan n elsbys olvingr adiationtraTIS6erequ ation. writte n asAs(九i).
(5)Co mptlte the c orrelatio n c oefBcie nt betw eenAs(Li)
follo w s:
c
f(j,-轟,
^1
where=fx -∑[As(Ai)- X]
2
,
I =1
x -去萎As(A7p,.
且IL
fv - ∑[As(]Lj)- Y]
=
.
z =1
y -去萎A(j,Ai,,
(8)
(8a)
(8b)
(8c)
(8d)
a nd all the sa mplesin the r enecta n celibr ary as
Al
fl. = ∑[A.1(A.)- X][A(j,A, ト YL (8e)
i=】
(6)Ifr efle ctan c e specim enj=k m akes Cf(i)thelarge st co rresponding withthebestc orr elatio nto fefle cta n ce
s ol血 o n, thenthe renecta nc e of the three w av ele ngtllSんa ト 九a2 alld 3pra3
.
COr re SpOndlngtO this specim ell. a r e
take n astheirsolt[tio n･ w ritte n aSAsl･ As2 atld As3. r e spectiv ely.
(7)By solvingradiado ntr an sfer equ atio n･ a ndu sing Asl. As2a nd As3. tO c o mputethe s olution of九al, 九a2.
a nd九a3 aer osol ptic aldepths. ⅥTitte n asてaI. Ta2 a ndてa3. r eSpeCtivelv .
*
(8)Usingてal, てa2a nd てa3. b.vtheleastsqu are regressioll algorlthl11､ tOfitalu ngepar am eter v . Ⅵ
･itte n asvs.
(9)Using vs･ c o mpllte a eros olsc attering phasefunctioJl. a rid acc ordingto eqtlatio n(6)deter min ethe optical
depths of Mcha n n els ex cept九aト九a2･ a nd )･-a3_ agaillL Repeatsteps(3)to(8). W he nthe differe n c e ofoptical
depthsbetw eezltw oiteratio npro cess esisless tllen aglVe n Valuec. iteratlO nis ended.
5. N U M E RIC A L E X P ER 王M 王NTS
Theiteratio n- c o r r elatio n r etrie valalgorithm requirestO builda v egetatio n reflecta n celibrary･ Inthispaper.
theubraryhas90specin?eIIS. au gottenfr o mths Ref･[3l, T hetw elv evegetado n refle ctance spectrain Fig･2 are
chose n astru e spectra ln num erical e･1perim e11tS･ Defin ethe sta ndard errors of a erosol optical depth a nd
v egetatioJl ren Ctan C e S Olutio n sinthetw elve sets ofnu m ericale xperim ents tlSing these r eflctan c espectra as:
6
D(Ai)=
6
s(1f)≡
諦 Ta(j.,Li,- T:(,Lt,,: (9,
去責[A(j･^I ト A
＋
(j, u
ニ
(. o,
wherejis the ordin al n u mber ofthetw elv ekinds of､
･
egelatiorL Tニ(1i)and A
‾
G. )vi)is the tru e aerosol
optical depthand v egetatio n renectan cefor wavele ngth)心 TaG. 九i)a nd Aq. 九i)aretheir sollltio n s, r e spectiv ely.
T here arefourtee nin v ersio n chan rles･ i･e･ 4 1 O･ J 5()･ 5 川). 55()･ 60()
.
6 5 0
. 6 80. 70O. 72 0
.
740. 7 70
,
800, 850a nd
900n m
. am ong whichthe three cha n nels ofJ 50n m･ 5 O()n m arLd 6 8 0n m ar e us ed to retriev e aero sol op也c al
depth･ Ininv ersio n･ the re alpa rt ofthe c o mple･,L r efracti､
･
einde xis s upposedto be 1.5, the im agin ary partis
zero. andtheinitialv aln e ofoptic aldepth is zero.
T hefollowingistD a n alyzethe sta ndarderrors6a()-i)a nd E･s(九i)in optical depth a nd rene ctanc e s olutlOrLS
ofthe fou rte en cha n n els･ a c c o rdingto Figs･5-61 ､､
7here tr ue aer os ol izedistri butio nisJu nge distribtltlOn Of
*
v
= 31 T he aeros olc mplexindexofl･5
-I)i
. t､､.o ､･alu c s ofてa()- =5 0Ol一m)being0.1a nd0.5 a r e s elected.
Assho w nin Fr o mFigs･5 -6･ for authe w aヽ
･
elc ngths･ sta ndard err ors ofaer osol depths olutio n sare<0 .026.
- 3 4-
standard err ors ofre丑e cta n ce soltltlO nS are<0･0 3
･ ln v ersiol- reSults ar eqtlite satisfactory. Underthe c onditoT1
ofpo
=1 LO arLdLL= l10･ inthe r ange Of5 0 0n mto 8OOn m･ thela rgerthe w av ele ngth. thelessthe standard errors Qf
optical depth and re丑ectanc e solutio ns･ But 10 tile Otherthree c o ndltionsJhelargerthe w a vele ngth, thelarger
the sta ndard errors.
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Ne xt
. the effectoferr orillthe aero solim agln ar)
'indexto optical depth andrefle cta n ce s olution sis a n alyzed
a ccordingto Table 2. ロere Ga andcrs are stalldard err ors ofoptlCal depth alldreflectance solutionsforfo urteen
chan nels. giv enby:
0
-
a
=
g
s
=
諦 To( - T ” i,コ (15,
諸A(lrl,- A(lf,,: (16,
In Table 2
,
冗 is true aer os ol im aglnaryinde x. a nd .ヽら IS SOllltlOZI Of Ju nge pararLleterV . fitted iio m aer osol
optic al depth s olutlO nSfo rthree w a v elengths of450n m. 500n m a nd 6$On m. The tr ue vegtatlO n refLcta nc e
*
spe ctru mis arice r e丑ectan c e spectru ll. the true aeros ol distri bl山 onis JtlnBe distrlb11tlOl1 0f v
=3, a lld the
aeros olreal index is1.5. Ininversio n. the aeros olim agin aryinde ‡is supposedtobe zer o･ As sho w nin Table l,
a stheim aglnaryindexislarger. e rr o rs ofaeros oloptical depthits sizedlStribtltio n andv egetatio n reflectance
s ollltio ns are all lger. T helargerthe depthis. the distin ct tlle error eff･ect. In the co nditio n Oftheim agl nary
index within 0.01
,
the s ohlt10 n S areid alisdc. For e xa mple. when Ta(九-50nrn)=0.1 a ndl<- 0.01, Ga, Gs a ndvs
isO･0157
,
0 .0035 a nd 2.6
.
re spectiv el)
,
. er rorsbeillgSln all. But whe nl<is eqL12Llto O･05. ロ a, C7s a nd vsis0.0 312.
0 .0 13 6and2.3. re spectivel)
,
. Tle er;ors arelarger obvio usly. Tnlle Case Ofてa()., = 5()On m)-0.5. as I(こ0.0. c'a, Gs
a nd vsis CI.014 1. O･O U26 a nd 2.95. r espectively. illlpying go od precisio nこ aS lく
=O ･0 1. G a a nd Gsis OL(J7 9and
O･0223
.
re spectively, the s olutionsbeingreaso nable二butasK
=0 ･O 5
.
G a and JsisO1222 a nd O･()7 2 I, r espectively.
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the errorsbeing m tLChlarger.
Tablel E ffectof Errorin Aer osolIm agin ary h dex o nOptic alDeptha nd Refle cta n ceSolution･ po朝 ･5, p
= l･0･
てa(500n血) 0.1 0.1 0.5 0.5 0.5
k 0.01 0.05 0 0.Ol 0.05
Ga 0.0157 0.031 2 0.Olヰ1O.061
() 0.22 15
Gs 0.00 3 5 0.O13 6 0. 0 26 O.0 2 2 3 0.0721
Vs 2.6 2.3 2.9 5 2.ヰ 2.O
In the case ofspa cebo m e re m ote se n slng･ 1tis possible that v egetat10 n S Ortin the Beldofvie w c a nbe n ot
slngle. T I叫 t he fo11o w l11g an alys estile in v ersio n res ults u nder tile c o 且dition of mixed v egetatlO n Spe ctru
m
re皿e cta n cefro mTable 2. Her ethe right reflectaTIC e SPeCtru mis mixed oftw o ric e r eflectan c e spe ctraby tile
*
r atio of 7to 3. the tr ue aeros ol c mple･T(inde xis l･5J･Oi J3 represents Junge dlStri butio n of v
=3, D L
represe nts coTLtin ental Deir m erL.lla n dlStribt=tib[1
(6】
･ [L(i
- O･5 a nd p
= 1･0･ As sho w nin Table 31 Whe n
てa(A. - 500n m)=O.1､ the standard errors of aeros ol pti cal deptll and surfa ce re丑 cta n ce are≦ O10 096arid
o.o o 3 3 3forJ3and DL distributio ns. a nd when Ta(九- 500n m)=0.5. they are ≦OLO5 16a ndO10067 71 r e SpeCtiv ely･
botll Ofthe mhav e血Irl), go odprecision .
Table 2 Sta ndarderrors ofolつtical det)threnectan ce sollltio nsinthe co nditio n of
G a Js
J3 O.O O96 O.0 2 +･3 O.0 022ヰ O.O O 677
D L 0.O O61 O.0 5 1 6 O.O O 3 3 3 0.OO418
てa(九- 5 0 n m) 0.1 ().5 ().1 0 .5
a miⅩeds u血 c e.
Ne xL effe ct of the radian c e err or o nin v ersion resultsis a n alyzed fro mTable 3, Heretru e wheatreflecta n ce
*
spe ctru m(as sho w nin Fig･2)l aTld Jungedistrlbutio n ofv =3 aretake n. LL,.
= 05 a nd ”- 1･0 ･ Assho w nin Table
3. in the c ase of 2% radia n ce erro r. whe n て{1(L= 50 Ollnl =O･1-the sta ndard er rors ofaerosol ptlC aldepth and
surface reflecta n ce s olutio n s ar e0.O O54 a ndO.O O 3 2. a ndlVlleTI Ta()･･ = 5()On m)= O･5. they areO ･02 26 a nd OrOO5 6.
respe ctiv ely. T he errors are sITlall･
Table4 Standard Errors of Optic al Deptll andRenectalC eSolutio n sCalSed byRadia n ceError･
てa(九-50 0mTn) G銃 O r Ga G r
0.1 0,0034 ”.()016 0.0054 0.003 2
0.5 0.018 1 0.0 068 0,0226 0.0 056
M eas ure m enterr or(%) 1 2
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